Many studies have examined the accuracy of predictions of future memory performance solicited through judgments of learning (JOLs). Among the most robust findings in this literature is that delaying predictions serves to substantially increase the relative accuracy of JOLs compared with soliciting JOLs immediately after study, a finding termed the delayed JOL effect. The meta-analyses reported in the current study examined the predominant theoretical accounts as well as potential moderators of the delayed JOL effect. The first meta-analysis examined the relative accuracy of delayed compared with immediate JOLs across 4,554 participants (112 effect sizes) through gamma correlations between JOLs and memory accuracy. Those data showed that delaying JOLs leads to robust benefits to relative accuracy (g ϭ 0.93). The second meta-analysis examined memory performance for delayed compared with immediate JOLs across 3,807 participants (98 effect sizes). Those data showed that delayed JOLs result in a modest but reliable benefit for memory performance relative to immediate JOLs (g ϭ 0.08). Findings from these meta-analyses are well accommodated by theories suggesting that delayed JOL accuracy reflects access to more diagnostic information from long-term memory rather than being a by-product of a retrieval opportunity. However, these data also suggest that theories proposing that the delayed JOL effect results from a memorial benefit or the match between the cues available for JOLs and those available at test may also provide viable explanatory mechanisms necessary for a comprehensive account.
For students concerned with assessing their own learning, what method is most effective for distinguishing between what one does and does not know? These and related questions have been explored for several decades by researchers studying individuals' awareness of their own cognitive processes, termed metacognition. Metacognition has frequently been examined by soliciting predictions of memory performance (for reviews, see Koriat, 2007; Metcalfe, 2000) , often through judgments of learning (JOLs) made immediately after the presentation of an item or following a delay (e.g., Arbuckle & Cuddy, 1969; Koriat, 1997; Rhodes & Castel, 2008) . For example, in a typical experiment, participants are presented with memoranda, such as paired associates (e.g., tablespoon), one at a time. Either immediately after the presentation of a pair or at some delay, participants are prompted to make a JOL of the likelihood of later recalling the target (e.g., spoon), often cued by the stimulus (e.g., table-?). Finally, after making JOLs for each item, participants are given a memory test for the studied items.
JOLs may then be assessed on the basis of the correspondence between memory predictions and memory performance (i.e., absolute accuracy) or on the basis of the degree to which JOLs distinguish between what is and what is not remembered (i.e., relative accuracy). For example (cf. Koriat, 2007) , consider a student preparing for an exam that covers three chapters from a textbook. If the student believes he or she has mastered 85% of the material, absolute accuracy would be a function of how closely this assessment matched performance (e.g., absolute accuracy would be excellent if the student answered 85% of the questions correctly). In contrast, the student might regard one chapter as better learned than the other chapters, an issue related to relative accuracy. Relative accuracy would be high if performance was highest on the chapter the student regarded as the best learned.
The current article is primarily concerned with the relative accuracy of memory predictions. Relative accuracy is typically measured with gamma correlations, a nonparametric index of association that ranges from Ϫ1.0 to 1.0 and quantifies the association between JOLs and memory performance (Gonzalez & Nelson, 1996; Nelson, 1984 ; but see Benjamin & Diaz, 2008; Masson & Rotello, 2009 , for alternative measures). To the degree that subsequently remembered items are given high JOLs and items that are less likely to be remembered are given lower JOLs, gamma will be positive. Likewise, to the degree that subsequently remembered items are given low JOLs and items that are less likely to be remembered are given higher JOLs, gamma will be negative.
Relative accuracy is germane to multiple aspects of metacognition. In particular, one widely accepted framework (Nelson & Narens, 1990 , 1994 suggests that metacognition comprises those processes related to assessing one's learning (monitoring) and regulating one's learning with information gained from monitoring processes (control). For example, a student preparing for an upcoming exam will be better prepared if he or she is able to accurately assess (i.e., monitor) what information has been learned. Metacognitive monitoring then informs the self-regulation of learning (i.e., control), such as the decision to stop studying because a student has determined the content to be understood (e.g., Metcalfe & Kornell, 2005; Nelson, 1996; Nelson & Leonesio, 1988) .
Consistent with Nelson and Narens's (1990) framework for studying metacognition, monitoring is assumed to directly influence control processes related to self-regulated learning (Nelson, 1996; Nelson & Narens, 1990 ; but see also Koriat, Ma'ayan, & Nussinson, 2006) . For example, Rhodes and Castel (2009) had participants listen to and make JOLs for words presented at a quiet or loud volume. Participants also chose words for restudy, although a restudy opportunity was not actually provided. The results showed that participants regarded loud words as more memorable than quiet words (i.e., loud words elicited higher JOLs than quiet words) even though volume did not influence recall. In addition, participants more frequently chose to restudy quiet words, which were regarded as less memorable. Thus, monitoring influenced restudy choices independent of actual memory performance, suggesting a causal role for metacognitive processes in self-regulated learning (cf. Metcalfe & Finn, 2008a) .
Given the critical role of monitoring in self-regulated learning, it is imperative that memory predictions are accurate. Prior work suggests that memory predictions made immediately after study are generally only moderately accurate. However, Nelson and Dunlosky (1991; see also Begg, Duft, Lalonde, Melnick, & Sanvito, 1989) reported a method that dramatically increased the relative accuracy of JOLs. Participants in their experiment studied 66 unrelated paired associates. For half of these items, JOLs were made immediately after an item's presentation. For the remaining half of the items, JOLs were delayed such that a minimum of 10 items intervened prior to making a JOL. Following this study phase, participants received a cued recall test. Delaying JOLs led to a striking pattern of results as the gamma (G) correlation between recall and JOLs was considerably larger for delayed JOLs (G ϭ .90) compared with immediate JOLs (G ϭ .38) . The benefit of delaying JOLs for relative accuracy was substantial, as Nelson and Dunlosky noted that, "Every subjects' [sic] accuracy on delayed JOL was greater than the mean of those same subjects' accuracy on immediate JOL" (p. 269). Thus, when made after a delay, JOLs were far better at discriminating between items with a high or low probability of being recalled than when JOLs were made immediately after the presentation of an item, a finding termed the delayed JOL effect.
Many studies have subsequently examined the delayed JOL effect (e.g., Dunlosky & Nelson, 1992 , 1994 , 1997 Kelemen, 2000; Kimball & Metcalfe, 2003; Koriat & Ma'ayan, 2005; Meeter & Nelson, 2003; Nelson, Narens, & Dunlosky, 2004; van Overschelde & Nelson, 2006) . Although increases in relative accuracy following a delay have generally proven robust, to date no comprehensive quantitative review of the delayed JOL literature exists. The current study thus reports a meta-analytic review of the delayed JOL literature. Such a meta-analysis can serve several purposes. For example, in addition to providing a quantitative synthesis of the literature, meta-analysis is ideally suited for examining potential moderator variables that may serve to increase or decrease the magnitude of the delayed JOL effect. More important, a meta-analytic review can test several related theoretical perspectives on the potential mechanisms that govern the delayed JOL effect.
Theoretical Accounts of the Delayed JOL Effect
In their original report, Nelson and Dunlosky (1991; see also Dunlosky & Nelson, 1992 , 1994 Jang & Nelson, 2005; proposed that the lower levels of accuracy evident for immediate JOLs compared with delayed JOLs occur because participants monitor both what is immediately accessible in shortterm memory (STM) and information retrieved from long-term memory (LTM). From this monitoring dual memories perspective, immediate JOLs are only moderately accurate because immediately accessible information from STM adds significant noise to JOLs and thus is weakly related to future memory performance. Conversely, delaying JOLs eliminates or largely diminishes the influence of immediately accessible information from STM, allowing JOLs to be based on information from LTM. Such information from LTM is more diagnostic of future memory performance than information available immediately after studying an item, leading to higher levels of resolution for JOLs made after a delay compared with immediate JOLs. As Dunlosky and Nelson (1994) suggested, if people delay their JOL until the to-be-judged item has been forgotten from short-term memory, their delayed JOL will be predictive of the effects of [various] study activities on eventual memory performance. This is because any information retrieved about the item during a delayed JOL will be from long-term memory and therefore will be predictive of eventual recall. (p. 547) Several lines of evidence support the idea that the delayed JOL effect occurs because participants are able to rely on information from LTM. Most important, Dunlosky and Nelson (1992) demonstrated that when JOLs were elicited in a manner that discouraged access to LTM, delayed JOL accuracy was diminished. In particular, Dunlosky and Nelson had participants study and make immediate or delayed JOLs for unrelated pairs of words (e.g., ocean-tree). For half of the participants, JOLs were cued by the stimulus alone (e.g., ocean-?), whereas JOLs for the remaining participants were cued by the stimulus and target (e.g., ocean-tree). Results for the stimulus-alone condition replicated those reported by Nelson and Dunlosky (1991) such that gamma correlations between JOLs and recall were markedly higher for delayed JOLs (G ϭ .93) compared with immediate JOLs (G ϭ .45). However, when cued by the stimulus and target, gamma correlations for delayed JOLs (G ϭ .60) did not exceed those for immediate JOLs (G ϭ .55). According to the monitoring dual memories hypothesis, delayed JOL accuracy was compromised because the combination of cue and target limited access to diagnostic information from LTM and led to a dependence on immediately accessible information.
1 Spellman and Bjork (1992; see also Kimball & Metcalfe, 2003; Spellman, Bloomfield, & Bjork, 2008) have also theorized that delayed JOL accuracy reflects access to LTM. However, in contrast to the monitoring dual memories hypothesis, their selffulfilling prophecy account suggests that delaying JOLs is tantamount to retrieval practice. When participants successfully retrieve a target during a delayed JOL, they are likely to ascribe a higher JOL to that item than to items that were not retrieved. Thus, the self-fulfilling prophecy account suggests that the delayed JOL effect occurs not because of any benefit conferred to monitoring processes per se but because successful retrieval increases the chance of subsequent target retrieval and thus begets an accurate JOL. That is, Nelson and Dunlosky's [1991] findings reflect a psychological analog of the Heisenberg Uncertainty Principle. Any effort to take a reading of a subject's current state of knowledge may alter that state of knowledge. . . . When subjects measure their own degree of learning after a delay by making covert recall attempts, they alter their degree of learning. The delayed JOL, in effect, creates its own reality, in such happy circumstances, the accuracy of the measurement is assured. (Spellman & Bjork, 1992, p. 316) Of key importance for the self-fulfilling prophecy account is that the act of delaying a JOL increases the probability of remembering the target because of a spaced retrieval opportunity (but see the General Discussion section for a qualification of this prediction). Evidence for this perspective is mixed. For example, whereas a number of studies observe an elevation in memory for targets given delayed compared with immediate JOLs (e.g., Connor, Dunlosky, & Hertzog, 1997; Koriat & Shitzer-Reichert, 2002; , others have reported superior memory for targets given immediate compared with delayed JOLs (e.g., Kennedy, 2004; Meeter & Nelson, 2003; Roebers, von der Linden, Schneider, & Howie, 2007) . Sikström and Jönsson (2005) reviewed 19 experiments comparing delayed with immediate JOLs and observed a slight memory advantage for delayed JOLs. However, this advantage was not reliable when examined with a sign test. The meta-analysis reported in the current study can provide a significantly more powerful test of the influence of delayed JOLs on memory performance by examining a large number of effect sizes (98), by quantifying the magnitude and direction of any difference in target recall, and by subjecting these data to inferential tests.
Another potential account of the delayed JOL effect suggests that delayed JOL accuracy may reflect transfer appropriate monitoring (Dunlosky & Nelson, 1997) . That is, "people's accuracy at predicting eventual memory performance increases as the similarity increases between the context of metacognitive monitoring and the context of the eventual memory test" (Dunlosky & Nelson, 1997, p. 35; cf. Thomas & McDaniel, 2007) . From this perspective, Dunlosky and Nelson's (1992) observation that delayed JOL accuracy was diminished when JOLs were elicited in the context of the cue and target (e.g., ocean-tree) may indicate that the judgment context was dissimilar to the nature of the memory test, which cued participants with the stimulus alone (e.g., ocean-?). To examine the transfer appropriate monitoring account, Dunlosky and Nelson (1997) had participants make delayed and immediate JOLs for unrelated paired associates, cued by the stimulus alone or by the stimulus and the target. Of importance, memory performance was examined with an associative recognition test. By the transfer appropriate monitoring account, monitoring accuracy should be greatest when cued by the stimulus and target given that this would provide the best match with the criterion test (i.e., associative recognition). Results were inconsistent with this prediction because monitoring accuracy was greatest when cued by the stimulus alone (see also Weaver & Kelemen, 2003) . The meta-analyses reported here likewise tested the transfer appropriate monitoring account by coding for the match between the conditions at monitoring and the conditions on the final criterion test.
Overview of the Meta-Analyses
A meta-analysis is a quantitative summary of a research literature that describes and tests the magnitude of various effect sizes across studies. An effect size can be construed as a standardized score, analogous to a z score, for a dependent variable or variables of interest. Using such effect sizes, one can examine the influence of possible moderator variables and determine where effect sizes reliably converge or differ (Hedges & Olkin, 1985) . For the meta-analyses reported here, effect sizes for relative accuracy were examined on the basis of gamma correlations between JOLs and memory performance. Effect sizes for memory performance were examined in terms of the probability of correctly recalling or recognizing a target word.
As noted previously, the predominant theoretical accounts suggest different mechanisms that give rise to the delayed JOL effect. According to the monitoring dual memories account (Dunlosky & Nelson, 1992 , 1994 Nelson & Dunlosky, 1991) , the superior relative accuracy of delayed compared with immediate JOLs reflects access to target information from LTM in the absence (or diminished presence) of noise from immediately accessible information. Evidence for this comes from the finding that the delayed JOL effect is diminished or disappears when JOLs are cued by the stimulus and target rather than the by stimulus alone (Dunlosky & Nelson, 1992) . Thus, the type of JOL cue was coded in the meta-analyses reported and included levels of stimulus alone and stimulus and target. Likewise, the monitoring dual memories ac-1 We note two other theories that posit similar mechanisms. Sikström and Jönsson (2005) reported a formal model of JOLs that proposes that immediate JOLs are based on information that dissipates quickly (termed fast traces) and information that dissipates much more slowly (slow traces). Conversely, delayed JOLs are based largely on more stable slow traces and thus are more predictive of memory performance. Notably, in contrast to the monitoring dual memories hypothesis, the model does not distinguish between sources of information derived from STM or LTM and instead focuses on forgetting functions for information that contribute to immediate and delayed JOLs. Metcalfe and colleagues (Metcalfe & Finn, 2008b; Son & Metcalfe, 2005) have suggested that delayed JOLs can be considered in terms of two processes: a rapid familiarity check followed in some cases by an attempt at target retrieval. Specifically, given highly unfamiliar cues, participants report a low JOL without attempting further retrieval. When the familiarity value meets a criterion, participants attempt retrieval and use that attempt as a basis for JOLs. In a manner similar to the monitoring dual memories hypothesis, participants are less likely to attempt target retrieval for immediate JOLs. count suggests that as the accessibility of immediately available information is diminished, participants should have greater access to information from LTM and thus greater delayed JOL accuracy. In a similar manner, the self-fulfilling prophecy account suggests that "at a longer delay, success on a practice task becomes both a better predictor of success on a final recall test and a more potent cause of success on the recall task" (Spellman & Bjork, 1992, p. 316) . Thus, both accounts suggest that the interval between an item's presentation and its presentation for a delayed JOL should be positively related to the magnitude of the delayed JOL effect. To examine this, we coded the average interval between the presentation of an item during study and its presentation for a delayed JOL.
The self-fulfilling prophecy account (Spellman & Bjork, 1992 ) likewise suggests that delayed JOLs provide a spaced retrieval opportunity, which leads to an elevated JOL and increases the probability of recalling the target. Evidence for this would come from data indicating that the probability of remembering the target increases for delayed compared with immediate JOLs. Finally, the transfer appropriate monitoring account (Dunlosky & Nelson, 1997) suggests that delayed JOL accuracy reflects the match between the conditions under which JOLs are elicited and those present on a test of memory. Evidence for this account would come from data suggesting that the delayed JOL effect was greater (i.e., effect sizes for gamma correlations were larger) when monitoring conditions matched those at test than when monitoring conditions did not match those at test. Thus, we coded for the JOL-test match in each of the studies examined.
Several other variables that may moderate the magnitude of effect sizes were also examined. These included methodological variables (the nature of the criterion test, within-subjects compared with between-subjects manipulations, the type of stimuli studied, procedure used, and the length of the retention interval), the age group of the participants tested, and the publication status of the article examined. Thus, in conjunction with the theoretical variables examined, these meta-analyses provide a test of the variables that may impact the magnitude of the delayed JOL effect.
Method
We obtained studies for the current meta-analysis from a computerized search of PsycINFO, MedLine, Web of Science, and Dissertation Abstracts, using the keywords metacognition, metamemory, judgments of learning, JOLs, delayed judgments of learning, and delayed JOLs. Additional searches were conducted through manual inspection of published articles and through a reverse citation search of the original article on the delayed JOL effect (Nelson & Dunlosky, 1991) . Finally, we attempted to document the unpublished literature by requesting unpublished data from a number of researchers in metacognition and by including several unpublished dissertations (e.g., Jang, 2007; Kelemen, 1999; Scheck, 2006) .
For an article to be included in this meta-analysis, several criteria had to be met: (a) the experiment or experiments reported must have manipulated the timing of JOLs such that JOLs were solicited immediately after the presentation of an item and after some delay; (b) the experiment or experiments must have included participants free of any neurological or psychiatric disorders, and participants must not have been subjected to any pharmacological interventions; (c) the article must have reported means and standard deviations or enough statistical information (e.g., F, t, or p values) to permit the estimation of effect sizes.
2 When studies did not include enough information, the authors were contacted to provide the missing information. If this was unsuccessful, the study was either excluded from the meta-analysis or, if partial data were present, the effect size was conservatively estimated on the basis of information reported in the text.
A total of 112 effect sizes, from 45 studies, met the inclusion criteria for the first meta-analysis on the basis of gamma correlations between memory for the target and JOLs. These articles were published between 1991 and 2010 and included a total of 4,554 participants.
A total of 98 effect sizes, from 42 studies, met the inclusion criteria for the second meta-analysis on the basis of the probability of remembering the target for delayed compared with immediate JOLs. These articles were published between 1991 and 2010 and included a total of 3,807 participants.
Listing and Discussion of Coded Variables
Each study was coded with respect to several variables that may influence the strength and direction of effect sizes. The moderators with the greatest theoretical relevance are described first, followed by those moderators that may simply impact the magnitude of effect sizes.
Type of JOL cue. Several studies have manipulated the type of cue available to participants when making a JOL. When participants have studied paired associates (e.g., ocean-tree), they have been provided with the stimulus alone (e.g., ocean-?) or the stimulus and target (e.g., ocean-tree?), with the type of cue manipulated between subjects (e.g., Connor et al., 1997; Dunlosky & Nelson, 1992 , 1997 . Kelemen (1999 Kelemen ( , 2000 had participants study exemplars from various categories and provided the category name as a cue. Finally, Matvey, Dunlosky, and Schwartz (2006) had participants study single words and then make a JOL either immediately after each item was studied or at a delay with no cue available. Thus, type of JOL cue was coded as a categorical variable with levels of cue alone, cue and target, category cue, or no cue. As noted previously, the monitoring dual memories account predicts that effect sizes for gamma correlations should be reliably greater when JOLs are cued by the stimulus alone than by the stimulus and target.
Delayed judgment interval. The delayed judgment interval was coded as a categorical variable, representing the various 2 Several articles were excluded under these criteria. For example, Kennedy and colleagues (Kennedy, 2004; Kennedy, Carney, & Peters, 2003; Kennedy & Yorkson, 2004 ) examined delayed and immediate JOLs for individuals who have suffered traumatic brain injury. Data for individuals with traumatic brain injury were excluded from the meta-analyses reported, but data for healthy controls groups from these studies were included. Likewise, Dunlosky et al. (1998) and Mintzer and Griffiths (2005) examined delayed and immediate JOLs for participants receiving drugs that impair memory function. Data for participants receiving such drugs were excluded, but data for participants receiving a placebo were included. Finally, a number of studies only examined performance for immediate (Koriat, 1997; or delayed (Carroll, Nelson, & Kirwan, 1997; Weaver & Kelemen, 2003) JOLs and were thus excluded from the current meta-analysis.
delayed JOL intervals used, with levels of 1 min or less, between 1 min and 2 min, between 2 min and 10 min, 2 weeks, and finally varied as some studies (e.g., Koriat, Ma'ayan, Sheffer, & Bjork, 2006) used self-paced study, leading to variation in the delayed JOL interval. 3 The monitoring dual memories account and selffulfilling prophecy account predict that the delayed JOL interval should be positively related to effect sizes for gamma correlations, such that longer intervals should result in larger effect sizes.
JOL-test match. The modal method of testing participants has been to provide the same cue at test as was provided during the study phase. However, several studies have deviated from this methodology by requiring participants to make JOLs in the presence of the stimulus and target in preparation for a test cued by the stimulus alone (Connor et al., 1997; Dunlosky & Nelson, 1992 , 1997 , by cuing JOLs in preparation for a test of free recall (Dunlosky, Rawson, & McDonald, 2002) , or by providing the stimulus alone as a cue for a test of recognition (Dunlosky & Nelson, 1997; Thiede & Dunlosky, 1994) . Thus, JOL-test match was coded as a categorical variable with levels of match or mismatch. The transfer appropriate monitoring account suggests that effect sizes for gamma correlations should be greater when there is a match compared with a mismatch between the cues available for JOLs and those available at test.
Type of criterion test. The majority of studies examining the timing of JOLs have had participants take a cued recall test following encoding of paired associates (e.g., Dunlosky & Nelson, 1992 , 1994 Koriat & Ma'ayan, 2005; Nelson & Dunlosky, 1991; Serra, Dunlosky, & Hertzog, 2008) , with recall cued by the stimulus (e.g., ocean-?) or the category (Kelemen, 1999 (Kelemen, , 2000 . Recognition (Dunlosky & Nelson, 1997; Thiede & Dunlosky, 1994) and free recall (Dunlosky et al., 2002; Matvey et al., 2006) tests have also been used. Thus, type of criterion test was coded as a categorical variable with levels of cued recall, category cued recall, recognition, and free recall.
Type of manipulation.
Most studies examining delayed JOLs compared with immediate JOLs have used a within-subjects manipulation, such that participants are asked (with generally equal frequency) to make immediate or delayed JOLs for different items. However, between-subjects manipulations have also been used in a number of studies (e.g., Finn, 2008; Roebers et al., 2007; Scheck, Meeter, & Nelson, 2004; . 4 Thus, type of manipulation was coded as a categorical variable with within-subjects or between-subjects levels.
PRAM procedure. introduced the prejudgment recall and monitoring (PRAM) procedure to assess the contents of memory at the time JOLs are made. In particular, participants are asked to engage in retrieval just prior to reporting their JOL. Several studies have since used this methodology (Koriat & Ma'ayan, 2005; van Overschelde & Nelson, 2006; . Thus, PRAM procedure was coded as a categorical variable with levels of PRAM procedure used or PRAM procedure not used.
Type of stimuli. Although the majority of studies have had participants study paired associates, including related pairs, unrelated pairs, and English-Swahili pairs (e.g., Connor et al., 1997; Dunlosky & Nelson, 1992 , 1994 , 1997 , Jang & Nelson, 2005 Koriat & Ma'ayan, 2005; Nelson & Dunlosky, 1991) , other stimuli have also been used. This includes category exemplars (Kelemen, 1999 (Kelemen, , 2000 , memoranda in a prospective memory experiment (Scheck, 2006) , sentences (Dunlosky et al., 2002) , single words (Eakin & Hertzog, 2010) , and a video of a visit to a farm (Roebers et al., 2007) . Thus, type of stimuli was coded as a categorical variable with levels of paired associates, category exemplars, prospective memory memoranda, sentences, single words, and video.
Retention interval. The retention interval (i.e., the interval between the encoding phase and the final test phase) was coded as a categorical variable with levels of 5 min or less, between 5 and 30 min, greater than 24 hr, or no retention interval reported.
Age group. Most studies examined in the current metaanalysis tested college undergraduates (i.e., young adults). However, several studies have examined the generality of the delayed JOL effect with older adults, with mean ages ranging from approximately 65 to 75 years (Connor et al., 1997; Serra, Dunlosky, & Hertzog, 2008) , and children, with mean ages ranging from approximately 6 to 11 years (Koriat & Shitzer-Reichert, 2002; Roebers et al., 2007; Schneider, Visé, Lockl, & Nelson, 2000) . Thus, age group was coded as a categorical variable with levels of children, younger adults, and older adults.
Publication status. Each study was coded for its status as published or unpublished. Effect sizes derived from unpublished studies permit an examination of whether those experiments accepted for publication provide a biased estimate of the true effect size.
Effect Size Calculation
In this meta-analyses, all effect sizes were calculated as the difference between the mean value of delayed and immediate JOLs (for the dependent measure of interest) divided by the pooled standard deviations. Equation 1 shows the calculation for Cohen's d:
where M D is the mean of the delayed JOL condition (for the dependent variable of interest), M I is the mean of the immediate JOL condition (for the dependent variable of interest), n D is the number of participants in the delayed JOL condition, n I is the number of participants in the immediate JOL condition, s D is the standard deviation of the delayed JOL condition, and s I is the standard deviation of the immediate JOL condition. Cohen's d introduces a small bias that can lead to overestimates of effect size. This bias is eliminated with the following correction factor, J:
where df is n D ϩ n I -2. The product of J and Cohen's d thus provides an unbiased estimate of the effect size that is often referred to as Hedges's g (Hedges, 1981) :
For purposes of the present meta-analysis, all effect sizes were examined in terms of Hedges's g. Positive values of g indicate larger effect sizes on the measure of interest for delayed compared with immediate JOLs, and negative values of g indicate larger effect sizes on the measure of interest for immediate compared with delayed JOLs. All effect sizes reported were weighted as a function of the sample size. Specifically, weights (w i ) were calculated as the inverse of the conditional variance (v i ), that is, 1/v i , which in turn is inversely proportional to the study sample size. The conditional variance is calculated as follows:
where g is the effect size. Given that weights are calculated as the inverse proportion of the conditional variance (i.e., w i ϭ 1/v i ), larger weights are derived from studies with larger sample sizes. Thus, studies with larger sample sizes, which presumably provide a more accurate estimate of the population effect size, are given more weight than studies with smaller sample sizes (see Shadish & Haddock, 1994 , for a more detailed discussion of these issues). It should be noted that when means and standard deviations (or standard errors) were not available, effect sizes were calculated with equations that give d when provided with t, F, or a p value (see, e.g., Borenstein, 2009, for equations) . For example, t may be converted to d with the following equation:
However, when d is derived from a repeated measures design, an adjustment for the correlation between means is necessary. For example, Dunlap, Cortina, Vaslow, and Burke (1996) 
where r is the correlation between paired observations (see Borenstein, 2009 , for a comparable equation for F).
The majority of the studies examined in the meta-analyses used repeated measures designs (e.g., for the meta-analysis of gamma correlations, 83 of 112 effect sizes are from repeated measures designs). However, only a few studies required effect sizes to be calculated on the basis of F or t. Specifically, for the meta-analysis of gamma correlations, five effect sizes were calculated with Equation 6, and for the meta-analysis of memory performance, eight effect sizes were calculated with Equation 6. However, these studies did not report correlations between repeated measures. In fact, among the studies examined for this meta-analysis, only Kelemen, Frost, and Weaver (2000) and Rhodes and Tauber (rs of .67 and .71 , respectively) reported a strong, positive correlation between memory performance for items given delayed JOLs and items given immediate JOLs. Thus, the mean weighted correlation across these studies (r ϭ .69) was imputed when estimating effect sizes for memory performance with Equation 6. It should be noted that removing effect sizes derived from Equation 6 in each of the meta-analyses reported did not change the pattern of results in any substantive manner.
Method of Analysis
Following Hedges (1994) , the fixed-effects model for analyzing categorical variables was used. The first step is to determine whether all effect sizes are homogeneous (Q T ). The Q T statistic has an approximate chi-square distribution with k -1 degrees of freedom, where k is the number of studies. For each categorical variable, a within-group fit statistic (Q W ) was calculated to determine whether studies within groups were homogeneous. A significant Q W would indicate that significant within-groups heterogeneity existed. Given this condition, one may use the between-groups fit statistic (Q B ) to attempt a more detailed analysis of effect sizes and examine variation between groups. This test is directly analogous to the one-way analysis of variance omnibus F test for variation of group means, and a significant Q B indicates that the average weighted effect size differed across groups.
Results and Discussion

Meta-Analysis of Gamma Correlations
Across studies, the mean weighted (by sample size) gamma correlation for delayed JOLs was .77 and for immediate JOLs was .42.
5 Figure 1 displays a stem-and-leaf plot of mean weighted effect sizes for gamma correlations. An examination of the figure indicates that the distribution is approximately normal with a slight negative skew. As well, one outlier appears to be present at a value of 3.6. These data were included in the analyses to be reported; however, we also conducted additional analyses that excluded this outlier. Those analyses resulted in no substantive departures from the data reported.
The average weighted effect size for gamma correlations was significant (g ϭ 0.93, 95% CI [0.88, 0.98]), indicating that delayed JOLs resulted in significantly larger gamma correlations with memory performance than immediate JOLs.
6 (Unless otherwise noted, the alpha level for all statistical tests was set to .05.) In addition, effect sizes were clearly not homogeneous, as there was substantial heterogeneity (Q T ϭ 588.07, p Ͻ .001).
Main effect analyses. Table 1 presents a summary of main effect analyses for the meta-analysis of effect sizes for gamma correlations, including the number of effect sizes examined (k), the mean weighted effect size (g), the 95% confidence interval, and the test of heterogeneity within groups. The test of Q B (with degrees of freedom equivalent to the number of groups for a variable minus 1) may be used to determine whether the levels of a categorically coded variable differ significantly from each other.
The effect of type of JOL cue (stimulus alone, stimulus and target, category cue, no cue, other) was reliable (Q B ϭ 131.36). Specifically, effect sizes were largest when JOLs were cued by the stimulus alone (g ϭ 1.06) and reliably smaller when JOLs were cued by all other methods, consistent with the monitoring dual memories account (e.g., Dunlosky & Nelson, 1992) . Partitioning the within-group fit statistic (Q W ) according to levels of type of JOL cue indicated significant within-group heterogeneity for JOLs cued by the stimulus alone (Q W1 ϭ 421.91) and for category cues (Q W3 ϭ 21.84).
Analysis of the effect of delayed judgment interval (1 min or less, between 1 min and 2 min, between 2 min and 10 min, 2 weeks, and varied) indicated that effect sizes differed reliably across levels of delayed judgment interval (Q B ϭ 68.84). This may partially reflect one study (Roebers et al., 2007 ) that used a 2-week interval (g ϭ Ϫ0.15, p ϭ .42). When those data are excluded, the effect of delayed JOL interval remains reliable, but the magnitude of the betweengroups fit statistic is diminished (Q B ϭ 33.77). Thus, among the remaining effect sizes, larger mean weighted effect sizes were apparent for longer intervals, consistent with the monitoring dual memories account and the self-fulfilling prophecy account. Significant withingroup heterogeneity was apparent for intervals of 1 min or less (Q W1 ϭ 149.98), intervals between 1 and 2 min (Q W2 ϭ 133.20), and for intervals between 2 and 10 min (Q W2 ϭ 235.71).
Analysis of the impact of JOL-test match (match, mismatch) indicated that effect sizes were reliably larger when the cue for JOLs and the test cue matched (g ϭ 1.00) than when they did not match (g ϭ 0.36), Q B ϭ 68.61. Thus, the accuracy of delayed JOLs may reflect the match between the cue used to elicit JOLs and the cue available at test, consistent with the transfer appropriate monitoring account. Significant within-group heterogeneity was apparent for both groups.
The effect of the type of criterion test (cued recall, category cued recall, recognition, free recall) was reliable (Q B ϭ 44.82). In particular, effect sizes were largest when the criterion test was cued recall (g ϭ 1.00), with all other test formats resulting in smaller effect sizes that were largely similar. Partitioning the within-group fit statistic according to levels of type of test indicated significant within-group heterogeneity when the criterion test was cued recall (Q W1 ϭ 502.26), category cued recall (Q W2 ϭ 21.84), and recognition (Q W3 ϭ 16.65).
The type of manipulation (within subjects, between subjects) resulted in no reliable difference (Q B ϭ 1.45, p ϭ .23) in the magnitude of effect sizes for within-subjects (g ϭ 0.94) compared with betweensubjects (g ϭ 0.87) designs. Significant within-group heterogeneity was apparent for both groups.
Examination of effect sizes on the basis of the PRAM procedure (used, not used) indicated that mean weighted effect sizes were reliably larger when the PRAM procedure was used (g ϭ 1.20) than when it was not used (g ϭ 0.91), Q B ϭ 7.93. Thus, the PRAM procedure may serve to improve resolution. Significant withingroup heterogeneity was apparent for both groups.
The effect of type of stimuli (paired associates, category exemplars, prospective memory items, sentences, single words, video) was reliable (Q B ϭ 80.67), indicating that the average weighted effect size for gamma correlations differed on the basis of the stimuli used. The largest effect sizes were evident for paired associates (g ϭ 1.02), whereas effect sizes for category exemplars (g ϭ 0.52), sentences (g ϭ 0.60), and single words (g ϭ 0.73) were smaller but reliably greater than zero. In contrast, the mean weighted effect size for prospective memory items (g ϭ 0.09, p ϭ .63) and information from a video (g ϭ Ϫ0.15, p ϭ .42) did not reliably exceed zero. Partitioning the within-group fit statistic by the type of stimuli indicated significant within-group heterogeneity for paired associates (Q W1 ϭ 446.75), category exemplars (Q W2 ϭ 22.99), and single words (Q W3 ϭ 31.01).
Analysis of retention interval (5 min or less, between 5 and 30 min, greater than 24 hr, or no retention interval reported) indicated that effect sizes differed reliably across levels of retention interval (Q B ϭ 58.09). This may, in part, be an artifact of one study (Roebers et al., 2007) , which used a 2-week retention interval between viewing a video and taking a memory test, yielding a negative effect size that did not differ from zero (g ϭ Ϫ0.15, p ϭ .42). When those data are excluded, the effect of retention interval remained reliable, but the magnitude of the between-groups fit statistic was diminished (Q B ϭ 23.03). Likewise, when only data for the 5 min or less interval (g ϭ 1.06) and no retention interval (g ϭ 1.01) conditions are examined no reliable difference is apparent (Q B ϭ 0.32, p ϭ .57). Thus, the remaining variability between groups is likely due to intervals greater than 5 min and less than 30 min (g ϭ 0.74). Significant within-group heterogeneity was apparent for each group.
Analysis of the impact of age group (children, younger adults, older adults) indicated that effect sizes reliably differed by age (Q B ϭ 22.25). Much of this may be due to the inclusion of children (g ϭ 0.48). For example, when children are excluded from the analysis, the mean weighted effect size for younger adults (g ϭ 0.96) and older adults (g ϭ 0.86) does not reliably differ (Q B ϭ 0.89, p ϭ .35). Thus, on the basis of the limited number of studies conducted, the delayed JOL effect appears to be less robust for children than for other age groups. Partitioning the within-group fit statistic by age group indicated significant within-group heterogeneity for younger adults (Q W2 ϭ 536.36) and children (Q W1 ϭ 22.72). Finally, the effect of publication status (published, unpublished) was supported, as effect sizes were reliably larger for unpublished (g ϭ 1.19) compared with published (g ϭ 0.87) studies (Q B ϭ 22.25). Thus, the substantial impact of delayed JOLs on resolution is not likely the product of a biased sampling from the published literature. In fact, these data suggest that the published literature may underestimate the impact of delayed JOLs on resolution. Significant within-group heterogeneity was apparent for both groups.
Discussion. Several conclusions can be drawn from the metaanalysis of gamma correlations. First, in accord with both the monitoring dual memories account and the self-fulfilling prophecy account, delaying JOLs yielded reliable and robust benefits to relative accuracy compared with immediate JOLs. As well, both accounts are consistent with the finding that effects sizes were larger when there was a longer delay between study and JOL. Second, benefits to resolution were most apparent when participants were cued by the stimulus alone, consistent with the monitoring dual memories account. Third, in accord with the transfer appropriate monitoring account, effect sizes were reliably greater when the cue used for JOLs matched the test cue than when it did not match. We discuss the theoretical implications of these data further in the General Discussion section.
Several other moderators are also of note. Specifically, effect sizes did not differ for within-subjects compared with betweensubjects manipulations, children exhibited reliably smaller effect sizes than adults (both older and younger adults), and the PRAM procedure yielded larger effect sizes relative to experiments than did not use the PRAM procedure. As well, effect sizes were smaller for the published than for the unpublished literature.
What could not be determined by the meta-analysis of gamma correlations was the viability of the self-fulfilling prophecy account (Spellman & Bjork, 1992) . As previously noted, the selffulfilling prophecy account suggests that making a delayed JOL produces benefits in memory performance and increases the accuracy of JOLs. That is, the act of making a delayed JOL increases the probability of remembering the target at test through successful covert retrieval and in turn produces an accurate JOL. If true, the self-fulfilling prophecy account predicts that delayed JOLs should produce reliably superior memory performance in comparison with immediate JOLs (but see the General Discussion section for a qualification to this prediction). We examine that possibility in the meta-analysis of memory performance that follows.
Meta-Analysis of Memory Performance
Figure 2 displays a stem-and-leaf plot of mean weighted effect sizes for memory performance (i.e., memory performance following delayed compared with immediate JOLs). An examination of the figure indicates that the distribution is approximately normal with a negative skew. As well, two outliers appear to be present at values of Ϫ2.2 and Ϫ2.0. All analyses were conducted with and without these outliers. Removing the two outliers changed the pattern of data for virtually all tests that contained those data. Thus, those two outliers were excluded from the analyses reported, leaving 96 effect sizes.
The average weighted effect size for memory performance was significant (g ϭ 0.08, 95% CI [0.03, 0.13]), 7 indicating that delayed JOLs resulted in reliably better memory performance than immediate JOLs. 8 In addition, effect sizes were clearly not homogeneous, as there was substantial heterogeneity (Q T ϭ 254.25, p Ͻ .001).
Main effect analyses. Table 2 presents a summary of main effect analyses for the analysis of effect sizes for memory performance. The effect of type of JOL cue (stimulus alone, stimulus and target, category cue, no cue, other) was reliable (Q B ϭ 53.54). Specifically, effect sizes were largest when JOLs were cued by the stimulus and target (g ϭ 0.70) but did not differ from zero when JOLs were cued by the stimulus alone (g ϭ 0.03), when no cue was used (g ϭ Ϫ0.16), or when a category cue was used (g ϭ Ϫ0.01). Thus, the condition that was most akin to a restudy opportunity (i.e., stimulus and target cue) yielded the largest effect sizes for memory performance. In contrast, when participants were cued by the stimulus alone, which should elicit the most opportunity for covert retrieval, effect sizes did not differ from zero. As well, only those two conditions, stimulus alone (Q W1 ϭ 178.65) and stimulus and target (Q W1 ϭ 19.63), exhibited significant within-group heterogeneity.
Analysis of the effect of delayed judgment interval (1 min or less, between 1 min and 2 min, between 2 min and 10 min, 2 weeks, and varied) indicated that effect sizes differed reliably across levels of delayed judgment interval (Q B ϭ 17.19). Moreover, effect sizes differed reliably from zero only when the delayed judgment interval was 1 min or less (g ϭ 0.14), greater than 1 min but less than or equal to 2 min (g ϭ 0.14), or varied (g ϭ 0.55). Thus, effect sizes were greatest for the shortest intervals. Reliable within-group heterogeneity was apparent for all conditions with the exception of the 2-week interval.
Analysis of the impact of JOL-test match (match, mismatch) indicated that effect sizes were reliably larger when the cue for JOLs and the test cue did not match (g ϭ 0.37) than when they did match (g ϭ 0.05), Q B ϭ 13.59. As well, effect sizes did not differ from zero when the cue for JOLs and the test matched. Significant within-group heterogeneity was apparent for both groups.
Analysis of the impact of the type of criterion test (cued recall, category cued recall, recognition, free recall) did not yield reliable differences between groups (Q B ϭ 1.29, p ϭ .73). Moreover, effect sizes reliably differed from zero only when a cued-recall test was administered (g ϭ 0.09). Significant within-group heterogeneity was apparent only for the cued recall condition (Q W1 ϭ 245.42).
The type of manipulation (within subjects, between subjects) yielded reliable differences in effect sizes between groups (Q B ϭ 13.34), with within-subjects manipulations (g ϭ 0.12) resulting in larger effect sizes than between-subjects manipulations (g ϭ Ϫ0.14). Significant within-group heterogeneity was apparent for both groups.
Mean weighted effect sizes did not differ on the basis of whether the PRAM procedure was used (Q B ϭ 0.96, p ϭ .33). In addition, effect sizes did not reliably differ from zero when the PRAM procedure was used (g ϭ Ϫ0.01) but did reliably differ from zero when the PRAM procedure was not used (g ϭ 0.09). Both groups exhibited significant within-group heterogeneity.
The effect of type of stimuli (paired associates, category exemplars, prospective memory items, sentences, single words, video) was reliable (Q B ϭ 10.14), as the average weighted effect size differed on the basis of the stimuli used. In addition, only two effect sizes reliably differed from zero, those for paired associates (g ϭ 0.10) and those for single words (g ϭ Ϫ0.40). Significant within-group heterogeneity was apparent only for paired associates (Q W1 ϭ 241.26).
Analysis of the impact of retention interval (5 min or less, between 5 and 30 min, greater than 24 hr, or no retention interval reported) indicated that effect sizes did not reliably differ across levels of retention interval (Q B ϭ 2.47, p ϭ .48). In addition, only effect sizes for studies with no retention interval (g ϭ 0.10) were reliably different from zero. Thus, the retention interval appears to have little impact on memory performance for delayed compared with immediate JOLs. Significant within-group heterogeneity was apparent when the retention interval was greater than 5 min but less than or equal to 30 min (Q W2 ϭ 41.49) and when no retention interval was used (Q W4 ϭ 193.58).
Analysis of the impact of age group (children, younger adults, older adults) indicated that mean weighted effect sizes reliably differed across levels of age group (Q B ϭ 10.53). In particular, children appeared to have obtained the greatest memorial benefits from delayed JOLs (g ϭ 0.42). For example, when the analysis included only older (g ϭ 0.15) and younger (g ϭ 0.05) adults' effect sizes, no reliable difference was apparent (Q B ϭ 0.83, p ϭ .36). Both children (Q W1 ϭ 32.74) and younger adults (Q W2 ϭ 200.84) exhibited significant within-group heterogeneity.
Finally, the effect of publication status (published, unpublished) was reliable, as effect sizes were reliably larger for published compared with unpublished studies (Q B ϭ 13.89). Thus, the published literature (g ϭ 0.12) may be somewhat biased toward larger effect sizes for the influence of delayed JOLs on memory performance compared with the unpublished literature (g ϭ Ϫ0.12). Both groups exhibited significant within-group heterogeneity.
Discussion.
The meta-analysis of memory performance yielded far smaller effect sizes than the meta-analysis of relative accuracy (i.e., gamma correlations). For example, although the overall mean weighted effect size for memory performance was reliably different from zero, it was relatively small in magnitude (g ϭ 0.08). Thus, delaying JOLs has a far milder impact on memory performance than on relative accuracy.
Several other significant findings were also apparent. In particular, delayed JOLs led to the largest benefits in memory performance when the stimulus and target were re-presented (perhaps reflecting an additional study opportunity), when paired associates were studied, and when there was a mismatch between the JOL cue and test cue. It should be noted that the effect sizes calculated for JOL-test match refer to the difference in memory performance between items subjected to delayed compared with immediate JOLs but do not compare memory performance when encoding did or did not match retrieval conditions (cf. Thomson & Tulving, 1970) . In addition, children appeared to accrue greater benefits from delayed JOLs than younger and older adults, and the published literature also yielded reliably larger effect sizes than the unpublished literature.
General Discussion
The meta-analyses reported examined memory performance and relative accuracy for delayed compared with immediate JOLs. Results showed that delaying JOLs leads to substantial benefits for monitoring accuracy, evident in a large mean weighted effect size for gamma correlations (g ϭ 0.93). Thus, delaying judgment appears to be among the most reliable and robust methods for improving the relative accuracy of monitoring. Conversely, the impact of delaying JOLs on memory performance, although reliable, yielded a far smaller mean weighted effect size (g ϭ 0.08). These data suggest that delaying JOLs confers large benefits to monitoring and smaller benefits to memory. Does delaying judgment have any impact on the magnitude of JOLs? Although of less theoretical relevance, for completeness we report a meta-analysis of JOL magnitude. A total of 29 studies met the inclusion criteria for the third meta-analysis based on JOL magnitude for delayed compared with immediate JOLs. These articles were published between 1997 and 2010 and yielded 76 effect sizes (see Appendix A for a stem-and-leaf plot of effect sizes) based on a total of 2,995 participants. 9 The average weighted effect size for JOL magnitude was significant (d ϭ Ϫ0.23, 95% CI [Ϫ0.28, Ϫ0.17]), indicating that JOLs were reliably higher for immediate compared with delayed 9 Five effect sizes for the meta-analysis of JOL magnitude were calculated with Equation 6. r ϭ .58 ) and rs ϭ .58 and .56) reported strong, positive correlations between JOL magnitude for immediate and delayed JOLs. Thus, the mean weighted correlation across these studies (r ϭ .57) was imputed when estimating effect sizes for JOL magnitude with Equation 6. 
JOLs.
10 Thus, participants were reliably more confident in recalling or recognizing a studied item when JOLs were made immediately than then they were delayed. In addition, effect sizes were clearly not homogeneous, because there was substantial heterogeneity among effect sizes (Q T ϭ 350.72, p Ͻ .000). A summary of main effect analyses for JOL magnitude can be found in Appendix B.
Theoretical Implications
Results from the meta-analyses of relative accuracy and memory performance may serve to test and constrain the predominant theoretical accounts of the delayed JOL effect. As discussed previously, such accounts propose different mechanisms that give rise to the delayed JOL effect. However, in several respects, there is substantial overlap among these accounts. Most important, the monitoring dual memories account and self-fulfilling prophecy account both suggest that delaying JOLs diminishes the influence of immediately accessible information and leads to a reliance on information accessed from LTM. That is, both accounts propose 10 The mean unweighted effect size (g ϭ Ϫ0.27) was of a slightly larger magnitude than the mean weighted effect size. In addition, the mean unweighted effect size was significantly greater than zero, t(76) ϭ 3.99, p Ͻ .001. Finally, the median unweighted effect size was Ϫ0.26. Note. k ϭ number of effect sizes; g ϭ mean weighted effect size; CI ϭ confidence interval; Q ϭ heterogeneity; JOL ϭ judgment of learning; PRAM ϭ prejudgment recall and monitoring. Significance values are for differences among effect sizes either within groups (Q within ) or between groups (Q between ).
that delaying JOLs brings to the fore other information that is not considered or is given less weight when JOLs are made immediately (cf. Koriat, 1997; Koriat & Ma'ayan, 2005) . Thus, the monitoring dual memories account and the self-fulfilling prophecy account can each accommodate the general finding that delaying JOLs leads to robust benefits for relative accuracy. However, whereas the monitoring dual memories account suggests that the delayed JOL effect represents a benefit to monitoring processes, the self-fulfilling prophecy account proposes that delaying JOLs bolsters memory and that gains in relative accuracy reflect such a memory benefit. Several findings from the current meta-analyses may serve to adjudicate between these accounts. In the section that follows, we discuss each theory and the implications of data from the meta-analyses reported for that theory. Monitoring dual memories. The monitoring dual memories account suggests that relative accuracy improves for delayed JOLs because the learner can make use of more diagnostic information available from LTM as a basis for judgment. When JOLs are made immediately, the learner must rely on information that is currently accessible (i.e., in STM) and introduces noise that distorts judgment. Consistent with this idea, effect sizes for gamma correlations were greater when JOLs were elicited with the stimulus alone (g ϭ 1.06) in comparison with the stimulus and target (g ϭ 0.25). In particular, Dunlosky and Nelson (1992) suggested that presenting the stimulus and target diminishes access to LTM and thus leaves the learner more reliant on immediately accessible information (e.g., the fluency of the stimulus and target) as a basis for delayed JOLs, hindering relative accuracy. However, we note that presenting the stimulus and target does not entirely hinder relative accuracy for delayed JOLs, inconsistent with the monitoring dual memories account. That is, although stimulus-alone JOLs resulted in larger effect sizes for monitoring than JOLs elicited through the stimulus and target, the mean weighted effect size for JOLs made in the presence of the stimulus and target (g ϭ 0.25) was nonetheless reliably greater than zero.
The monitoring dual memories account also predicts that benefits to relative accuracy should increase as the delayed JOL interval increases. That is, longer intervals should diminish the influence of immediately accessible information from STM and render it such that monitoring is more likely to be influenced by diagnostic information from LTM. In particular, Nelson and Dunlosky (1991, p. 267) suggested that an interval of approximately 30 s should be sufficient for information from STM to dissipate sufficiently so as to no longer influence a delayed judgment. Data from the analysis of the delayed JOL interval indicated that the magnitude of effect sizes was positively related to the interval between the initial study presentation and the delayed judgment, with effect sizes larger when the delayed interval extended beyond 1 min. Such data are potentially problematic for the monitoring dual memories account, which posits that a delay of 30 s is sufficient for information from STM to dissipate. However, with some modifications in light of more recent, tripartite conceptions of working memory (e.g., Cowan, 1999; Oberauer, 2002 Oberauer, , 2005 , which suggest that working memory consists of a portion of LTM that may remain active for up to 60 s (and thus influence immediate JOLs), data reported for the delayed JOL interval are easily accommodated by the monitoring dual memories account. Thus, several key findings from the meta-analysis of relative accuracy are consistent with the monitoring dual memories account.
Self-fulfilling prophecy.
Similar to the monitoring dual memories account, the self-fulfilling prophecy hypothesis (Spellman & Bjork, 1992) suggests that delayed JOL accuracy accrues from an interaction with and access to LTM. However, this access serves as an opportunity for retrieval practice, which both increases the probability of remembering the target and produces an accurate JOL. With regard to the meta-analysis of gamma correlations, the self-fulfilling prophecy account predicts, consistent with the findings reported, that relative accuracy should be positively related to the length of the delayed judgment interval. As well, it could potentially accommodate the finding that relative accuracy is greatest for stimulus-alone JOLs by assuming that only those conditions that give rise to retrieval practice lead to a delayed JOL effect, resulting in benefits to memory and monitoring. However, the data largely argue against this conclusion. In particular, effect sizes for memory performance were significantly larger when delayed JOLs were cued by the stimulus and target (g ϭ 0.70) than by the stimulus alone (g ϭ 0.03). As well, if only these sets of effect sizes are examined, a reliable between-groups fit statistic is evident (Q B ϭ 50.53). The memorial benefit apparent for re-presenting the stimulus and target likely reflects the benefits of spacing (cf. Cepeda, Pashler, Vul, Wixted, & Rohrer, 2006) . However, this memorial benefit for the stimulus and target stands alongside a moderate benefit to relative accuracy when the stimulus and target were a cue for JOLs (g ϭ 0.25). In contrast, although the stimulus alone did not provide benefit to memory performance (g ϭ 0.03), effect sizes for monitoring (g ϭ 1.06) were far larger. Thus, there is a dissociation, such that the largest benefits to monitoring are accompanied by the smallest memorial benefits, and the largest memorial benefits are accompanied by a small monitoring benefit. It is not apparent how the self-fulfilling prophecy account could accommodate these observations. Such findings dovetail with what is arguably the most important prediction of the self-fulfilling prophecy account-that the act of making a delayed JOL leads to covert retrieval of the target and consequently boosts memory for the target on the final test for delayed compared with immediate JOLs. Thus, "only after a delay will covert retrieval practice evoked by the JOL task have a strong influence on final recall" (Spellman & Bjork, 1992, p. 316) . Indeed, across 96 effect sizes, the mean-weighted effect size for memory performance was reliably different from zero (g ϭ 0.08), suggesting that delaying JOLs provided a modest boost for memory performance. Such a minimal delayed JOL advantage for memory performance is overshadowed by robust benefits to monitoring (g ϭ 0.93). Therefore, although retrieval practice likely plays some role in the delayed JOL effect, it does not appear to provide a complete account. However, we note an important caveat to this conclusion. In particular, the memorial benefit for items given delayed JOLs might be conditional on successful covert retrieval during the delayed JOL. Thus, the self-fulfilling prophecy hypothesis might be more adequately tested by examining data that are conditional on whether an item was successfully retrieved when the JOL was elicited. The PRAM methodology was largely motivated by this perspective as it provides a method of decomposing gamma correlations based on successful or unsuccessful retrieval of the target when making a JOL (see also Narens, Nelson, & Scheck, 2008) . For the purposes of the current meta-analysis, very few studies reported any mea-sure of conditional recall. We thus suggest that future work might benefit from reporting conditional recall data, permitting a full test of this possibility.
Transfer appropriate monitoring. The transfer appropriate monitoring hypothesis proposes that relative accuracy is a positive function of the match between the cues available at monitoring and those available at test. Indeed, effect sizes were reliably larger when the cue for JOLs matched the test cue (g ϭ 1.00) than when the cue for JOLs did not match the test cue (g ϭ 0.36), consistent with this account. However, this conclusion is complicated by the fact that JOL-test match may be largely conflated with whether the stimulus alone or the stimulus and target were used to elicit JOLs. Specifically, Table 3 displays effect sizes and main effect analyses broken down by the type of cue (stimulus alone, stimulus and target) and the match between the JOL cue and the test cue. These data suggest that delayed JOLs result in substantial benefits to relative accuracy when the JOL cue does not match the test cue as long as the JOL is elicited by the stimulus alone. Moreover, monitoring benefits were modest across both matching and mismatching conditions when the stimulus and target were used to elicit JOLs. Such conclusions should be treated with caution as few effect sizes are available for these analyses, with the exception of the JOLs cued by the stimulus alone that match the final test. Future work examining delayed compared with immediate JOLs would be well served to orthogonally manipulate the type of cue and the match between the JOL cue and test cue as a more robust test of the transfer appropriate monitoring hypothesis.
Summary of theoretical implications. Overall, we suggest that no single theory may completely account for the delayed JOL effect and that the most comprehensive explanation is likely to rely on mechanisms proposed by multiple theories (cf. Narens et al., 2008) . Although the monitoring dual memories account provides a robust explanation of much of the data, other findings indicating that delaying JOLs produces a modest benefit for memory performance suggest that the self-fulfilling prophecy hypothesis cannot be ruled out. Moreover, as noted previously, data based on the match between the JOL cue and test cue provide some support for the transfer appropriate monitoring account. What is apparent is that much of the data can be accounted for by a theory proposing an interaction and access to information from LTM. Although such an interaction appears to produce unequivocal benefits to monitoring, the potentially myriad causes of this benefit are likely to be accounted for by some combination of theories.
Moderators of the Delayed JOL Effect
What variables moderate the magnitude of effect sizes for gamma correlations and memory performance? We first consider moderators for the meta-analysis of gamma correlations (Table 1) . As noted previously, effect sizes were largest when JOLs were cued by the stimulus alone and likewise when the final criterion test is cued recall. The type of manipulation appears to have no reliable impact on delayed JOL accuracy. Children did not exhibit the same magnitude of the delayed JOL effect as younger (collegeaged) adults or older adults but nonetheless did derive benefits from delaying judgment. In addition, effect sizes were greater when the PRAM procedure ) was used. However, this conclusion must be taken with caution given that relatively few studies have used the PRAM procedure. As well, effect sizes appeared to be largest at shorter retention intervals (even if one excludes anomalous data for the 2-week interval). Thus, delayed judgments may be more diagnostic when testing follows judgment after a relatively short period of time. Such findings suggest that additional work with a variety of retention intervals would be of some benefit.
Several moderators of memory performance (Table 2 ) lead to reliable differences among effect sizes, including the type of criterion test, the use of the PRAM procedure, and the length of the retention interval. Of those moderators that did result in reliable differences between effect sizes, several findings are notable. Specifically, the type of JOL cue resulted in a delayed JOL advantage, but this appeared to be evident only when the stimulus and target were used to elicit JOLs. As noted previously, we suggest that this likely reflects a spaced study opportunity. Effect sizes were also largest when paired associates were studied and effect sizes varied on the basis of the delayed judgment interval. As well, children appeared to derive the greatest memorial benefit from delayed JOLs.
Limitations of the Meta-Analyses Reported
The goal for any meta-analysis is to provide an accurate, unbiased estimate of the true effect size across a range of well-defined Rosenthal, 1979) . This not only leads to an overestimate of effect sizes but reduces the variability in reported effect sizes, yielding small confidence intervals around a biased mean. We used two methods to address the file-drawer problem. First, we made a significant effort to obtain unpublished data. For the meta-analysis of gamma correlations, this yielded 19 effect sizes from unpublished sources, and for the meta-analysis of memory performance, this yielded 14 effect sizes from unpublished sources. Of importance, effect sizes differed as a function of publication status. For example, unpublished experiments resulted in a reliably larger estimate of the effect size for gamma correlations (g ϭ 1.19) than published sources (g ϭ 0.87). Thus, the effect sizes reported from published sources may be somewhat more conservative than the true effect size. With regard to memory performance, the published literature yielded a reliably larger effect size (g ϭ 0.12) than the unpublished literature (g ϭ Ϫ0.12), suggesting that the published literature may overestimate the impact of delaying judgment on memory.
In addition to examining the unpublished literature, we calculated Rosenthal's (1979) fail-safe N, which provides an estimate of the number of unpublished null results that would need to exist before one would conclude that overall results were due to sampling error (see Rosenthal, 1979 , for the details of the calculation, but see Sutton, 2009 , for alternatives). According to Rosenthal, the number of unpublished studies that may exist that would result in a null effect is unlikely if the fail-safe N exceeds 5k ϩ 10, where k is the number of effect sizes. For the meta-analysis of gamma correlations, the fail-safe N is approximately 36,500 and far exceeds Rosenthal's tolerance level given 112 effect sizes (i.e., 5k ϩ 10 ϭ 555). For the meta-analysis of memory performance, the fail-safe N is approximately 220 and is below Rosenthal's tolerance level with 96 effect sizes (i.e., 5k ϩ 10 ϭ 490). Thus, although the reliable mean effect size evident for the meta-analysis of gamma correlations is unlikely to change as a result of the unpublished literature, fewer unpublished effect sizes would need to exist to render a null effect for the meta-analysis of memory performance.
Aside from potential file-drawer problems, the current metaanalysis could consider only the range of variables examined thus far. In particular, the modal experiment has required participants to study paired associates, with JOLs cued by the stimulus alone, in preparation for a cued recall test. Thus, the delayed JOL literature has primarily focused on a particular methodology, narrowing the range of other possible types of materials to be studied, different means of eliciting JOLs, and different methods of testing memory. Without question there have been sufficient variations on the modal experiment to permit a meta-analysis of effect sizes. However, the prevalence of the modal method of examining delayed JOLs may limit the power to examine other potential moderators of effect sizes. Thus, conclusions drawn from moderators with a limited number of effect sizes should be treated with caution. We hope that this observation will spur continued investigation of the generality of the delayed JOL effect across a variety of materials, intervals, and testing conditions.
Summary and Conclusions
In the current meta-analyses, we were concerned with examining the impact of the timing of JOLs on relative accuracy and memory performance. Results showed that delaying JOLs has a slight effect on memory performance but a strong and robust impact on relative accuracy. In particular, consistent with several decades of research, delaying JOLs substantially increases relative accuracy. Theoretical consensus on the mechanisms of the delayed JOL effect has remained elusive, but we suggest that the monitoring dual memories account, which holds that delayed JOLs are accurate because they rely on information from LTM, can accommodate much of the data. However, a comprehensive account will likely integrate multiple theories of the delayed JOL effect. For this reason, both the self-fulfilling prophecy hypothesis and transfer appropriate monitoring account propose mechanisms that will likely serve to provide the most complete explanation. On a practical level, the observation that delaying JOLs increases the relative accuracy of judgments has had a surprisingly sparse role in studies examining control processes in memory (but see Anderson & Thiede, 2008; Thiede, Anderson, & Therriault, 2003; Thiede, Dunlosky, Griffin, & Wiley, 2005 , for work in metacomprehension). Theories of metacognition presume that monitoring serves to influence control processes during learning (e.g., Nelson, 1996; Nelson & Narens, 1990) . From this perspective, delaying monitoring until sometime after an item has been studied may serve to enhance monitoring and thus optimize students' learning. 
Appendix B
Summary of Main Effect Analyses for JOL Magnitude
